Objective: To examine longitudinal relationships between nutrition and risk indicators for cardio vascular diseases (CVD) during adolescence and young adulthood. Design: A longitudinal study over ®fteen years. Subjects: 98 females and 84 males, from 13 to 27 years. Methods: By means of six interviews dietary patterns were determined. Blood samples were analyzed for serum concentration of total cholesterol (TC), and high-density-lipoprotein (HDL), bloodpressure, body fat and maximal aerobic power (VO 2 max) were determined. The longitudinal relations were analyzed with generalized estimation equations (GEE), a statistical technique in which relations at different time-points are tested simultaneously. Results: Compared to Dutch recommendations six out of seven macro nutrients appear to be unfavorable with respect to CVD. Borderline or high CVD risk values are apparent at 27 y in more than 25% of the subjects with respect to percentage body fat and serum total cholesterol in both sexes. In males 40% or more show borderline hypertension. The`univariate' longitudinal analyses showed signi®cantly positive relations: (1) between the intake of animal protein, saturated fat (SFA), cholesterol (Chol) and TC, and HDL; (2) between total energy intake (EN) and systolic blood pressure, and VO 2 max. Signi®cantly negative associations were found: (1) between EN, poly-unsaturated fat (PUFA) and TC concentrations; (2) between EN and sum of four skinfolds (SSF). Conclusions: With increasing age, over a period of 15 y in both sexes the SFA and Chol intake relate signi®cantly to the development of a negative CVD risk pro®le. The intake of PUFA relates positive to a CVD risk pro®le. The signi®cantly negative relation between EN intake and body fat (SSF) is partly explained by the relation between EN and VO 2 max.
Introduction
A diet rich in saturated fat, cholesterol and animal protein is a major factor leading to elevations of total serum cholesterol, whereas a high intake of poly-unsaturated fat (PUFA) plays a role in lowering serum cholesterol levels. High energy intake relates to obesity, and this affects blood pressure. Therefore proper diets appear to exert a favorable in¯uence on CVD by modifying established risk factors and reducing adiposity. (Posner et al, 1993; Shea et al, 1993; Clevidence et al 1992; Anderson et al, 1991; Barr et al, 1992; Edelstein et al, 1992; Grundy & Denke, 1990) .
In epidemiological research the identi®cation of risk indicators for CVD in adults is well established. More recently interest has focused on CVD risk factors in children and young adults, supposing that atherosclerosis starts early in childhood (Bild et al, 1996; Kelder et al, 1994) . Longitudinal studies investigating the relation between dietary patterns and CVD risk indicators in young females and males are scarce (Twisk et al, 1996; Liu et al, 1996; Hunter et al, 1995) .
The study of potentially deleterious patterns of diet affecting blood lipids and body composition within individuals requires long-term serial measurements. In thè Amsterdam Growth and Health Study' longitudinal observations were made over a period of 15 y in approximately 200 male and female subjects, from the teenage period until the adult age, that is between the ages of 13 and 27 y. (Kemper, 1995) .
In previous analyses a direct relationship could not be demonstrated in these males and females, between, on the one hand, total energy intake and the energy contributed by total fat and, on the other hand, the sum of four skin folds and the serum cholesterol level. (Post, 1989; Post & Welten, 1995) . These ®ndings were explained by the fact that the level of risk factors for hyper-cholesterolemia and obesity was relatively low and did not approach adult risk levels yet. The longitudinal development of CVD risk indicators, however, will not solely be in¯uenced by nutritional factors such as the total intake of energy, fat or saturated fat, but also by biological parameters like cardiopulmonary ®tness and body weight together with other lifestyle factors like physical activity behaviour (Twisk et al, 1996) . This present study explores the longitudinal association between nutritional factors, namely the intake of energy, animal protein, saturated fat, poly-unsaturated fat and cholesterol, as independent variables and CVD risk indica-tors, namely systolic-, diastolic blood pressure, serum lipids and sum of skin folds, as dependent variables, during adolescence and young adulthood over a period of 15 y.
Subjects and methods

Study population
The study population reported here consists of the longitudinal sample of the Amsterdam Growth and Health Study (Kemper, 1985; Kemper, 1995) . In 1977 the study started with 307 pupils of a secondary school in Amsterdam (The Netherlands). During the adolescent period (1977± 1980) there was a drop-out rate of 24% resulting in four measurements taken yearly of 131 girls and 102 boys. Five years later, in 1985, a total of 200 subjects was remeasured. In 1991, a sixth measurement took place on 182 subjects, 98 females and 84 males. No signi®cant drop-out effects were demonstrated with respect to the parameters relevant to the present report (Post & Kemper, 1995) .
The multiple longitudinal design of the study is described in detail by Kemper (1985 Kemper ( , 1995 .
The present analysis considers the longitudinal data of the 98 females and 84 males from 13 until 27 y. The quality controls of the measured variables was done in two ways: ®rstly all measurements were executed by the same trained testers according the same guidelines over all the years; secondly the test-retest reproducibility of each measurement is checked by a statistical procedure calculating the interperiod correlations between the repeated measurements. All reproducibility coef®cients showed suf®cient values (b 0.60) used in the variables used in this paper. The details are published elsewhere (Kemper et al, 1985; Post, 1989) .
Cardio vascular disease indicators
Risk indicators for CVD used as dependent variables in this study were the sum of four skin folds (SSF), systolic and diastolic blood pressure (SBP and DBP), serum total cholesterol (TC) and serum high-density lipoproteins (HDL) concentrations and maximal aerobic power. Between ages 13 and 27 y, six measurements were taken of anthropometric and other biological characteristics. Body fatness was de®ned by the SSF, namely by the sum of the bicipital, tricipital, sub scapular and supra-iliacal skinfolds (Harpenden skinfold caliper) (Durnin & Ramahan, 1967; Weiner & Lourie, 1969) . The SBP and DBP were measured with a sphygmomanometer and a standard pressure cuff at the left upper arm with the subject in a sitting position.
Non-fasting TC and HDL were analyzed enzymatically (Lipid Laboratory at the Department of Human Nutrition, Agriculture University, Wageningen, The Netherlands). Analyses met the criteria of the WHO reference laboratories: TC was determined according to the methods of Huang et al (1961) and Abell et al (1952) , the HDL cholesterol fraction was analyzed according to the method of Burstein & Samaille (1960) . Cardio respiratory ®tness was determined by measuring maximal aerobic power (VO 2 max). It was assessed with a direct method using a standard running test on a treadmill until exhaustion and was expressed in ml min 71 . kg 72/3 (Kemper, 1985) . The longitudinal development of several CVD risk indicators are different for females and males, and in¯u-enced by sexual maturation (Berenson et al, 1981) . Before full maturity is reached biological age can be different from calendar age. Rapidly maturing subjects have higher biological ages than calendar ages, and slowly maturing subjects have lower biological ages than calendar ages. During the adolescent period of the study biological age was determined by measuring skeletal age from X-rays of the left hand, according to the Tanner-Whitehouse II method (Tanner et al, 1975) . In the statistical analyses, corrections are made for gender and biological age.
Dietary assessment
Daily food intake data were collected with a detailed crosscheck dietary history interview (Burke, 1947; Beal, 1967) adapted to the Amsterdam Growth and Health longitudinal study (Post, 1989) . This method provided information about the usual food consumption pattern preceding the interview.
The measurement of food intake was consistently executed in the same period of the year, namely in the months January until May, to avoid seasonal bias, by the same dietician. Study participants were asked to recall their usual food consumption pattern during the past month. Frequency, amounts and methods of preparations of the foods consumed were assessed in household measures or common portion sizes. A variety of visual aids were used in depicting portion sizes. Only the food items eaten at least twice monthly were recorded. Information on foods consumed during regular meals as well as in between meals (so-called snacks) were collected separately for the ®ve school or work days and for the two weekend days. A Dutch food-composition database was used in calculating energy and mean daily nutrient intakes (NEVO Table, 1991) . As far as the concerned nutrients in this study the percentage of missing values are below 1%. A detailed description of the dietary assessment methodology and the reproducibility of the dietary history used in this study was reported previously. (Kemper, 1995; Post, 1989) .
Dietary characteristics as independent variables relevant for the present analysis included the intake of total energy (En, in MJ), animal protein (AProt), saturated fat (SFA), poly unsaturated fat (PUFA), and cholesterol (Chol). Because a higher energy intake mostly results in a higher intake of nutrients, the nutritional factors AProt, SFA, PUFA, and Chol were adjusted for energy intake.
Data analysis
A longitudinal correlation coef®cient was calculated between nutritional factors and risk indicators for CVD using the generalized estimating equations (GEE) technique. (Zeger & Liang, 1986) . The following statistical model was used:
where: Y it observations of subject i at time t; b 0 intercept; b lj standardized regression coef®cient of independent variable j; X ijt independent variable j of subject i at time t; b 2 regression coef®cient of time.
This model tests the relation between separate risk indicators for CVD (Y it ) and each of the nutritional factors (X it ) simultaneously at each point in time, resulting in a standardized regression coef®cient (b), which can be interpreted as a longitudinal correlation coef®cient. This method corrects for time-dependent covariates, like year of measurement (time) and biological age, and time-independent covariates like gender. Because the longitudinal character-istics of the same subject (Y it ) are not independent of each other, the parameters of the model have to be estimated adjusting for these intra-subject correlations. With GEE the relations were calculated between the longitudinal development of the risk indicators for CVD (Y it ; TC, HDL, SBP, DBP, SSF and VO 2 max) and separate of the dietary parameters (X it ; EN, AProt, SFA, PUFA, Chol.) over the entire longitudinal period of 15 y. First of all, the nutritional factors were entered individually into the statistical model and if signi®cant relations (P 0.05) were found with more than one of the nutritional factors, a multivariate GEE was carried out.
Differences between the mean intakes of the subjects with Dutch recommended daily allowances (RDAs) are tested with paired t-tests.
Results
The EN intake in females ( AE 9.5 MJ) showed no signi®-cant age trend between 13 and 27 y (see Figure 1) . The males showed during the adolescent period a signi®cant increase until adult age (from AE 11.6 MJ to 13.8 MJ, P 0.001), and thereafter a signi®cant decrease appeared at adult age (12.7 MJ). Throughout the same age period the contribution of protein to the energy intake increased from 13±14% in females and in males from 12±13% (both P 0.001), in particular due to the AProt intake. The intake of carbohydrates decreased with increasing age, from about 47±44 energy per cent in females, and from 46 to 45 energy per cent in males (P 0.01). The contribution of total daily fat intake decreased (P 0.01) from about 42% of total energy to about 39.5%, in females as well as in males. Finally during this age period the intake of Chol¯uctuated between the 26±33 mg/MJ, with a peak intake at young adult age (females 33 mg/MJ, males 30 mg/MJ).
The CVD risk indicators showed in our population with increasing age increasing value in females and males for SSF (see Figure 2 ), blood pressure (see Figure 3) , and TC and HDL concentration (see Figure 4) . The SSF increased in females about 40% (P 0.001), between the age 13 and 21 y, followed by a signi®cant decrease at age 27 y ( Figure   Figure 1 The longitudinal change in total daily energy intake (MJ) (mean and s.d.) for females and males from 13±27 y of age. Figure 2 The longitudinal change in sum of skinfolds (mm) (mean and AE s.d.) for females and males from 13±27 y of age.
2). Males showed a gradual increase in the SSF from the age of 15 y until the age of 27 y of about 30% (P 0.001).
In females the SBP remained more or less constant through adolescence and young adulthood, and the DBP increased slightly but signi®cantly (P 0.001) (Figure 3 ). In males a gradual increasing SBP was found (P 0.001) with increasing age. DBP increased by about 10% (P 0.001) from age 21 until age of 27 y.
The serum TC and HDL concentration in females showed hardly any change between the ages of 13 and 16 y, but over the young adult and the adult period (®fth and sixth measurement) the TC concentration increased by almost 20% (P 0.001) (Figure 4) . The HDL concentration increased only during the adult period (P 0.001). Initially, during adolescence, males TC concentration decreased by 10%, followed by a 10% increase thereafter (both P 0.001). The HDL concentration decreased between ages 13 and 21 y (P 0.001), with no further changes at age 27 y.
The signi®cant relations, resulting from the`univariate' GEE analyses between the longitudinal changes of the nutritional factors on the one hand and the longitudinal changes of CVD indicators on the other hand, are shown in Table 1 .
The GEE analyses showed no interaction with gender, so the relations were not different for males and females. The univariate analysis showed that the changes in EN intake were signi®cantly but negatively related to the changes in the SSF (P 0.015); positively related to blood pressure (especially the SBP, P 0.04); negatively related to TC concentration (P 0.012); and positively related to VO 2 max (P 0.001).
The changes in intake of AProt (En%) showed a positive relation to the changes in TC concentration (P 0.012). The longitudinal changes in intake of SFA (En%) and of Chol (mg/MJ) were signi®cantly positively related to TC (respectively P 0.001 and P 0.001) as well as to HDL concentration (respectively P 0.012 and P 0.013). SFA intake was also related to the changes in DBP, but the relationship was negative (P 0.05). The intake of PUFA (En%) showed over time a negative relation with the TC concentration (P 0.001). No other signi®cant relations could be demonstrated.
Based on the signi®cant associations found with the univariate GEE (Table 1) a multivariate GEE was analyzed relating the longitudinal changes in the TC and HDL concentration to the relevant nutritional characteristics, namely EN, APROT, SFA, PUFA and CHOL (summarized in Table 2 ).
The longitudinal changes in Chol intake and SFA intake remained positively associated with the TC concentration (P 0.03). The EN and PUFA intake remained inversely related to TC (respectively P 0.012 and P 0.04). The relation of AProt with TC disappeared. The association between the changes in SFA intake and the HDL concentration was positive (P 0.014). For Chol intake the relation with HDL concentration was not signi®cant anymore. Table 3 summarizes the comparison between the average composition of the diet and the RDAs, in both sexes over the entire age period. At all ages the differences were signi®cant (paired t-test, P`0.000) from the RDAs in an unfavorable direction. The average intake of total protein, fat and saturated fat was higher than recommended for a prudent diet, but lower for the PUFA, total carbohydrate and poly saccharides intakes. The cholesterol intake was the only parameter that showed a signi®cant lower and favorable value with respect to the RDAs. One exception was found for females at age 21: with a signi®cant higher value (0.4 mg/MJ, P`0.000). Table 4 summarizes the percentages of females and males with borderline and/or high risk values for CVD at age 27 y. The results show that less than 5% of the females have high risk values for SBP and DBP and HDL. In males this is only shown for SBP and HDL. In 11% of the females and 12% of the males a borderline DBP is found, and an additional 12% of the males have a hypertensive DBP. A borderline SBP was measured in 9% of the females and in 42% of the males (Kemper, 1995) . 
Discussion
Environmental factors, such as lifestyle, are suggested to be the driving forces behind the etiology of CVD. Among these, diet is considered to be highly important. The western diet, with a relatively high fat intake and low in complex carbohydrates, is seen as one of the relatively well-established factors in elevating the risks of CVD (Posner et al, 1993) . In this study, females and males, showed a decreasing total fat intake, as well as a decreasing contribution of fat intake to the total energy consumption with increasing age. Nevertheless, at adult age, this study population, on average, exceeds the recommended daily allowances (Netherlands Nutrition Council, 1989) . Even the proportion of subjects, at the age of 27 y, consuming a high daily fat diet ( ! 40 en%) was 49% in females and 46% in males (Post and Welten, 1995) .
Investigating the long term effects of a dietary pattern with respect to the development of CVD risk indicators, one has to make an estimate of the qualitative aspects of the daily diet over the 15 y period. This was done by comparison with Dutch RDAs (Netherlands Nutrition Council, 1989) . In relation to CVD risk indicators it could be shown that in six out of seven selected macro nutrients (see Table 3 ) the intakes did not meet the recommendations in both sexes. A prudent diet, as recommended by the Dutch Nutrition Council, includes carbohydrates of b 55 En% as well as 30 EN% polysaccharides, because of the inverse relation with the proportion of energy derived from fat.
Overall it can be stated that the longitudinal dietary pattern in this population is potentially unhealthy with respect to the development of CVD, because most of the macronutrients do not meet the recommended daily allowances in the Netherlands (1989). The literature de®nes health indicators and risk factors for CVD. (Bell et al, 1986; WHO/ISH, 1989; Erkelens, 1991) .
High TC is seen as a major risk factor in relation to CVD. The cut-off point for ideal serum TC concentration in the Netherlands is recommended at 5.0 mmol/l. (Erkelens, 1991) . The mean TC concentration of males was equal to this level, whereas females, at the age of 27 y, showed higher concentrations (see Figure 4) . If the`moderate' risk cut-off point of 5.2 mmol/l is considered, then 25% of the adult males, and 39% of the females were above this point, and another 11% of the males and 14% of the females were above the high risk cut-off point of 6.2 mmol/l. Very low HDL concentration are seen in 1% of the females and 5% of the males, but if borderline low values are included, 7% and 49% respectively are at risk (Table 4) . Although cholesterol intake was the only nutrient that showed favorable lower intakes than RDAs this did not ®nd expression in lower percentages of subjects with hypercholesteremia compared to the other CVD risk factors.
Body fat can be estimated from the sum of skin folds. If one accepts a percentage of body fat of 30% in females and 20% in males as high risk values for overweight, (see Table  4 ), then 15% of the female subjects and 10% of the male subjects in our longitudinal study should be regarded as such at age 27 y. At this age 48% of the females and 39% of the males have body fat percentages greater than 25% and 15% respectively. (Kemper, 1995) . Although at age 27 y the mean values of our population did not exceed the high risk values, borderline values for CVD risk indicators can be seen rather frequently.
In this study the longitudinal relations between nutritional parameters as independent variables and biological risk indicators for CVD as dependent variables were analyzed with generalized estimating equations. The advantage of using GEE is that all longitudinal data are used and the relation can be analyzed under correction of both time-dependent, that is year of measurement, biological age, and time-independent, namely gender, co-variates. (Twisk et al, 1994) .
The observed negative association between the TC concentration and the PUFA intake (declining CVD risk indicators with age), as well as the positive relation with the intake of SFA and Chol (increasing CVD risk indicators with age), support the literature on these aspects. (Hegsted et al, 1965; Lewis et al, 1981; Weisweiler et al, 1985; Rosenbergh & Schaefer, 1988; Li-Ching et al, 1994) . Miller et al (1990) found no relationship between EN intake and adiposity, but demonstrated a higher fat contribution (En%) in obese adults compared to lean subjects, as well as a lower score on exercise activities. In our study an inverse relation was found of the SSF to EN intake (P 0.005) (see Table 1 ), and a positive association between EN intake and VO 2 max (P 0.000). The negative relation of the SSF and the EN intake can possibly be 
Conclusions
(1) In comparison with Netherlands Nutrition Council recommendations, the intake of six out of seven macro nutrients appeared to be unfavorable with respect to the development of CVD risk indicators with increasing age, in both sexes. (2) At age 27 y, in this study, the prevalence of borderline CVD risk values is more than 25% for body fat, and serum total cholesterol in both sexes, but even higher in males for systolic-, diastolic blood pressure and serum high density lipoproteins. (3) In this study a dietary pattern with a relatively high saturated fat and high cholesterol intake, between ages 13 and 27 y in both sexes, showed to be signi®cantly and positively related to serum total cholesterol. (4) The longitudinal analysis revealed that the intake of poly-unsaturated fat was negatively related to serum total cholesterol (5) A dietary pattern with a relative high energy intake in both sexes was related in this study to a more favorable coronary risk pro®le, namely a lower amount of body fat, a higher physical ®tness, a lower diastolic blood pressure and a lower serum total cholesterol.
